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 Preface
This report to the Science Advisory Board was prepared by the Aquatic
Ecosytem Objectives Committee (AEOC). Though the Board has reviewed and
approved this report for pubiication, some of the specific conciusions and
recommendations may not be supported by the Board.
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 ﬁe
I . Introduction
During the period of the 1972 Great Lakes Water Quality Agreement, two
Committees (Water Duality Objectives Subcommittee -- WQOS and Scientific Basis
for Water Quality Criteria -- SBNOC) were responsible for formulating new or
modifying existing water quality objectives. Their collective efforts
resulted in Annex 1 of the 1978 Great Lakes Water Quality Agreement. Since
the signing of that Agreement, it has been the responsibility of the Aquatic
Ecosystem Objectives Committee (AEOC) to ensure that Annex 1 is kept current.
In 1980, AEOC recommended the adoption of two new objectives, two revised
objectives and four previously proposed objectives.
a The framework1 for developing objectiveswas developed by WQOS/SBWQC and
is reprinted here for the sake of clarity.
]. In developing specific water quality objectives the philosophy of
protecting the most sensitive use is employed;
2. Adoption of objectives does not preclude the need for studying the
aquatic environment and effects of conditions on related organisms
and uses. Since infinite combinations of water quality
characteristics may occur, the objectives do not take into account
antagonistic, synergistic and additive effects;
3. Since new data may lead to modified recommendations the objectives
are subject to continual review.
4. No adequate scientific data base exists for establishing
scientifically justifiable numerical objectives for certain
unspecified non-persistent toxic substances and complex wastes.
Therefore, criteria for developing an objective for local situations
have been recommended.
5. Biological effect levels are recognized as well as the concentrations
of a substance or level of physical effects.
6. The objectives serve as a minimum target wherever water quality
objectives currently are not being met.
7. For jurisdictionally-designated areas which have outstanding natural
resource value and existing water quality better than the objectives,
the existing water quality should be maintained or enhanced.
8. Specific water quality objectives are to be met at the periphery of
mixing zones. This assumes that water quality conditions better than
the objectives will result beyond the mixing zones. The objectives
should be implemented in concert with limitations on the extent of
mixing zones or zones of influence and localized areas as designated
by the regulatory agencies.
9. In recommending objectives to protect raw drinking water supplies, it
has been assumed that a minimum level of treatment is provided before
distribution to the public for consumption.
1
 AEOC endorses this framework with the additional view that objectives do
not consider socio—economic factors because the Committee agrees with previous
recommendations (Water Quality Board 1980)2 that socio-economic impact
assessment is the responsibility of the jurisdictions.
Objectives should not
be construed as regulations or standards.
Objectives should be considered as
a goal to be achieved and as a minimum basis for developing regulations or
standards by the jurisdictions.
In the course of their development the objectives have been subject to
iterative reviews within the Committee and by scientific colleagues with
relevant expertise.
The Committee, however, welcomes any comments or
additional scientific evidence which are relevant to any of the objectives and
which are consistent with the above philosophy.
1International Joint Commission.
New and Revised Great Lakes Water Quality
Objectives, Volume II.
Washington, D.C. and Ottawa, October 1977.
pp 3—7.
2Alternatives for Managing Chlorine Residuals:
A Socio and Economic
Assessment.
Final Report of the Chlorine Objectives Task Force to the
Great Lakes Water Quality Board.
Windsor, Ontario,
April
1980.
 2. Objectives
SELENIUM
EXISTING OBJECTIVE
The concentration of total selenium in an unfiltered water sample should
not exceed 10 pg/L to protect raw water for public water supplies.
RECOMMENDED OBJECTIVES
Concentrations of total selenium in an unfiltered water sample should not
exceed 1 ug/L to protect aquatic life. Concentrations in sediments should
not exceed 5 pg/g dry weight to protect aquatic life. Concentrations in
aquatic biota should not exceed 3 pg/g wet weight to protect predatory fish
and mammals.
SUMMARY
WATER
Canadian and U.S. Health agencies consider human health to be protected
when waterborne selenium concentrations are 10 ug/L or less. This
concentration is also intended to protect aquatic biota from the toxic effects
of selenium. However, the field studies reviewed in this document indicate
that waterborne selenium concentrations of 5-10 ug/L were associated with
sediment and food chain contamination that caused acute lethality to predatory
fish. Waterborne selenium has been shown to contribute to food chain
contamination through direct uptake by both plankton and sediments (and hence
benthos) but the threshold waterborne selenium concentration contributing to
lethal food chain contamination has not been determined. Therefore, in order
to be protective, it is the considered opinion of the AEOC that waterborne
selenium concentrations should not exceed 1 ug/L until further research can
identify such a threshold.
SEDIMENTS
Great Lakes sediment concentrations of selenium are normally less than
1 ug/g but, in a reservoir, concentrations greater than 20 ug/g in
surficial sediments were associated with apparent food chain accumulation of
selenium and mortality of predatory fish. No effects were observed in control
areas with a sediment concentration of 1—5 ug/g. The threshold sediment
concentration associated with fish mortality has not been established.
Therefore, the AEOC recommends that selenium in sediments should not exceed
5 ug/g dry weight for the protection of aquatic life.
AQUATIC BIOTA
Selenium appears to be an important nutrient for fish, with deficiency
symptoms appearing at dietary concentrations less than 0.1 ug/g and a
suggestion of deficiencies (less than maximum activity of a selenium requiring
 enzyme) at concentrations up to 0.35 pg/g. Dietary toxicity to mammals and
fish however, starts at dietary concentrations of 4-5 pg/g, so there is very
little difference between an adequate and a toxic diet. Mortality of fish in
the field was associated with consumption of benthos containing 20-70 ug
Se/g dry weight, or 4-14 pg Se/g wet weight based on an estimated 80%
moisture content. Therefore, to protect predatory mammals and fish from the
toxic effects of dietary selenium, aquatic biota should not contain more than
3 ug Se/g wet weight. 7
INTRODUCTION
The current water quality objective for selenium is: Concentrations of
total selenium in an unfiltered water sample should not exceed 10 micrograms
per litre to protect raw water for public water supplies.
Note: The effect of high dietary selenium concentrations on fish-eating birds
and wildlife is unknown. Based on the response of laboratory mammals,
concentrations of selenium approaching 3 pg/g, wet weight, in whole fish
should be regarded with concern.
The above objective was based on a literature review (IJC 1977) showing:
1 the sources of selenium;
N
typical levels in the Great Lakes ecosystem;
D
U
)
)
l
) the nutritive requirements and toxic levels formammals;
) toxic levels for plants;
)
5 acute toxicity to aquatic biota; and
6) evidence of biotransformation and transfer up aquatic food chains.
The objective was restricted to water and was based on human health,
primarily because data on the significance of residues in other compartments
of the aquatic ecosystem and on selenium chronic toxicity to aquatic biota
were not available. Since that rationale was written (1975-1976), a variety
of studies have been published that provide a better picture of selenium as a
nutrient and as a toxicant. This rationale will cover laboratory and field
studies, relate toxic concentrations of selenium to observed levels in the
environment, but will not repeat the information covered in 1976.
ACUTE TOXICITY
The acute lethality of selenium to invertebrates has been shown for
daphnids and H alella azteca. The 96 h LCSO's for Ba hnia magna in hard water
(329 mg/L as Ca003) and Daphnia pulex in soft water standard test medium)
were 0.43 and 0.50 mg/L respectively (Halter et. al., 1980; Schultz et al.,
1980). Lethality to_Q. pulex was a function of 355 with 96 h LCSO's‘EeTng
0.126 mg/L for fed juveniles and 0.50 mg/L for fed adults. Feeding reduced
 toxicity since the 96 h LCSO for unfed Q. pulex was 0.07 mg/L (Schultz et 31.,
1980). The 96 h L050 for an amphipod Hyale a azteca was 0.34 mg/L whiTE the
336 h (14d) LC50 was 0.07 mg/L (Halter 31 31., 1980).
Recent studies of the acute lethality of waterborne selenium to fish
confirms previous reperts of LC50's between 5 and 50 mg/L. Rainbow trout
(Salmo gairdneri) appear relatively sensitive with 96 h LC50's between 8 and
13 mg/L and 9 and 16 day LCSO's of 6.5 and 5.0 mg/L respectively (Hodson 31
31., 1980; Goettl 3: 31., 1976). Fish tested in soft water (30-36 mg/L as
CaCOa) (Goettl 31 al., 1976) were less sensitive to a 96 h exposure than were
fish in hard water—T135 mg/L as CaC03)(Hodson 33 31., 1980), perhaps due to
other water quality factors (e.g., pH) or simply to experimental error. Carp
(Cyprinus carpio) were much less sensitive (96 h L050 = 35 mg/L) when tested
in static bioassays (Sato 33 31., 1980). The most sensitive species tested,
fathead minnow (Pimephales romelas), had 96 and 336 h LC50's of 1.0 and 0.6 mg/L
respectively in a very hard water ,329 mg/L as Ca003) (Halter 31 31., 1980).
Injected sodium selenite was lethal to channel catfish (Ictalurus
punctatus) within 48 hours at a dose of 3 mg Se/kg (Ellis 33 31., 1937). At
lower concentrations, toxicity was not evident for 4-10 days after which there
was mortality due to liver, spleen and kidney damage associated with an
apparent loss of osmoregulation (edema) and abnormal erythropoiesis. These
effects were caused by a single dose of 0.9 mg Se/kg or daily injections of
0.04 mg/kg (total Se dose = 0.2 mg/kg).
Exposure to selenium has also been shown to reduce the acute toxicity of
inorganic mercury to fish but, paradoxically, mercury accumulation increases
in survivors (Heisinger 31 31., 1979).
CHRONIC TOXICITY
Prolonged exposures of fathead minnow eggs and fry to selenium
conc
entr
atio
ns o
f 1.
0 mg
/L o
r hi
gher
redu
ced
time
s to
hatc
h, b
ut h
ad n
o ef
fect
on percent hatched (Halter 33 31., 1980). Survival times were reduced
relative to controls at all selenium exposure levels, but even controls
exhibited some mortality. There is a possibility of other lethal factors
interacting with selenium in this study.
Chronic exposures of rainbow trout to 130 ug/L of waterborne selenium
caused elevated mortality rates and incidence of deformity relative to
controls and the next lowest concentration tested (60 ug/L) (Goettl 31 31.,
1976). Exposure of trout to lower concentrations resulted in subtle
hematological responses at 28 pg/L or higher (Hodson 31 31., 1980). These
results suggest that waterborne concentrations up to 70 times background
levels (<0.4 ug/L) should not have direct adverse effects on fish.
Dietary selenium may be more toxic than waterborne selenium. Prolonged
feeding of rainbow trout with diets containing 13 mg/kg of selenium caused
liver pathology, elevated mortality rates, decreased feed: weight-gain
efficiency, and decreased growth rates (Hilton 33 31., 1980); there were no
obvious toxic effects at the next lower dietary concentration (3.7 mg/kg).
  
Rese
arch
by G
oett
l a
nd D
avie
s (1
978)
has
show
n ef
fect
s on
trou
t g
rowt
h and
mortality of dietary selenium with 50% mortality occurring at 10 mg/kg (dry
weig
ht)
over
a on
e ye
ar t
rial
.
Symp
toms
of s
elen
ium
pois
onin
g of
mamm
als
occur at 4-5 mg/kg (dry weight) (Oldfield et al., 1974).
DIETARY REQUIREMENTS
Fish fed diets of 0.07 mg/kg showed signs of incipient selenium deficiency
that included reduced growth rate and low levels of serum glutathione pero—
xidase activity relative to fish on diets containing 0.35 mg/kg or higher.
However, acute symptoms of deficiency, such as muscle pathology, were not
evident (Hilton g; 31., 1980). Similar symptoms, plus elevated mortality
rates and muscle pathology, were observed in Atlantic salmon (Salmo salar) fed
diets deficient in both selenium and Vitamin E (Poston £3 31., 1976).
Vitamin E deficiencies were somewhat alleviated by selenium supplementation
but a diet with adequate Vitamin E and only 0.04 pg Se/g dry-weight was
deficient.
FIELD STUDIES
The high toxicity of dietary selenium has been supported by field studies
of fish mortality in a reservoir (Belews Lake, North Carolina), receiving
effluent containing high concentrations of selenium from a fly-ash settling
pond
(Cum
bie
and
Van
Horn
, 1
978)
.
Fish
popu
lati
ons
were
seve
rely
redu
ced
with
evidence of decreased standing stock and a total lack of reproduction in the
years following the start of operation of a coal-fired power plant. Studies
of conditions in the lake showed that pesticide concentrations, water levels,
temperatures, population structure, impingement and entrainment, diseases and
parasites could not account for the loss of fish, especially since the loss
was not evident in upstream waters or remote parts of the same reservoir.
Analysis of the elemental composition of fish tissues in affected and
unaffected areas showed that, of 16 elements measured, only selenium was
correlated to the condition of the populations. Selenium concentrations of
upstream fish were in the range of 0.5-7 mg/kg (wet weight) whereas those from
the affected main lake were consistently higher, with concentrations of
10-50 mg/kg. Selenium in ovaries of ripe females from the affected area was
1-3 fold higher than in muscle tissue and this was most pronounced in various
sunfish (Lepomis spp), among the most affected species. Selenium concen-
trations in plankton were 4-20 mg/kg (dry weight) upstream in contrast to
40-100 mg/kg in the affected area (Cumbie, 1978). Waterborne concentrations
averaged 150-200 pg/L in the effluent and 5-10 pg/L in the lake although
one peak of 20 ug/L was recorded. The majority of this selenium in both
effluents and lake water passed through a 0.45 p filter and hence was
available for sorption by biota and sediments (see discussion under selenium
distribution in Aquatic Ecosystems). In the sediments, selenium concen-
trations were 6-8 mg/kg (dry weight) in contrast to 3.4 mg/kg at the control
site. However, these values resulted fromthe mixing during sampling of a
thin surface layer of contaminated sediment with underlying uncontaminated
sediments. The actual concentrations in surficial sediments at contaminated
sites were greater than 20 mg/kg (dry weight) compared to 1-5 mg/kg at control
sites (Cumbie, personal communication).
1Dr. P. Cumbie, Duke Power Company, Charlotte, North Carolina.
6
 Further studies of stocked bluegill (Le omis macrochirus) showed that fish
released in clean areas survived indefinite y, either in cages or in the
lake
.
Fish
held
in c
ages
in t
he c
onta
mina
ted
area
, ho
weve
r,
grad
uall
y di
ed
off
over
a 3-
4 mo
nth
peri
od,
whil
e fi
sh r
elea
sed
dire
ctly
to t
he a
rea
died
almo
st
imme
diat
ely.
The
stom
ach
cont
ents
of c
aged
fish
show
ed f
ew b
enth
ic
organisms whereas those of dead fish outside the cage contained a high
pro
por
tio
n o
f b
ent
hic
org
ani
sms
, w
hic
h c
orr
esp
ond
s t
o t
his
spe
cie
s f
eed
ing
habits (Scott and Crossman, 1973). Dying fish exhibited symptoms typical of
acu
te
let
hal
ity
(El
lis
et
31.
, 1
937
),
i.e.
the
per
ito
nea
l c
avi
ty
was
dis
ten
ded
with
asci
tes
and
the
fish
had
"pop
eye,
" (
Cumh
ie,
pers
onal
comm
unic
atio
n).
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e th
e wa
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orne
sele
nium
conc
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n by
itse
lf w
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nsuf
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to
cau
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mor
tal
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,
the
dea
th
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h w
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sym
pto
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cha
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ist
ic
of
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sel
eni
um
tox
ici
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ind
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t d
iet
ary
sel
eni
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was
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y h
igh.
It
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hly
pro
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tha
t s
ele
niu
m w
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tak
en
up
fro
m t
he
sed
ime
nts
dur
ing
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agi
ng,
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from
inge
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n of
sedi
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s d
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tly
or f
rom
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stio
n of
cont
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ben
tho
s.
Ben
tho
s f
rom
the
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ina
ted
are
a c
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ain
ed
20-
70
pg
Se/
g
dry—
weig
ht w
hile
thos
e fr
om t
he c
ontr
ol
area
cont
aine
d 4—
8 pg
Se/g
dry-weight (Cumbie, personal communication).
A s
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lue
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a W
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in
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wed
ele
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ed
sel
eni
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con
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tio
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in
the
wat
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ree
k r
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ivi
ng
thi
s e
ffl
uen
t
(Magnuson 33 al., 1980). However, other metals (e.g., Cr, Fe, Zn) were also
ele
vat
ed
so
tha
t o
bse
rve
d e
ffl
uen
t e
ffe
cts
on
cra
yfi
sh
(ch
ang
e i
n r
esp
ira
tio
n
rat
e)
cou
ld
not
be
att
rib
ute
d s
ole
ly
to
sel
eni
um.
Cra
yfi
sh
cag
ed
in
the
ash
—pi
t d
rai
n a
ccu
mul
ate
d a
bou
t 3
0 m
g/k
g d
ry
wei
ght
of
sel
eni
um
in
the
hepatopancreas and about 0.4 mg/kg in the muscle.
METABOLISM
Wa
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ua
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Gi
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-N
ie
ls
en
,
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8).
Up
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of
th
e
ex
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co
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en
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n
si
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e
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e
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e.
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n
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s
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e/w
ate
r)
are
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tio
ns)
(H
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.,
19
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).
Si
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r
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s,
sac
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and
fry
,
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en
t
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di
et
ar
y
lo
ad
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is
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lim
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sel
eni
um
upt
ake
(Ho
dso
n
and
Hil
ton
,
198
1).
Di
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y
se
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ra
pi
dl
y
ta
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n
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wi
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u
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en
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r
day
s.
The
deg
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upt
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actively with half-lives inversely proportional to dietary loading (Hodson and
Hilton, 1981). It is possible that inorganic selenium taken up from water is
transferred from gills to tissues and stored as inorganic selenium, whereas
that taken up from the diet is transformed by the liver to an organic form
that is both more toxic but more easily excreted. Within tissues of Daphnia
ulex, selenium is associated with low molecular weight (64%) and protein
(25%) components, while lesser amounts are associated with nucleic acids and
lipids (10 and 0.1% respectively). Autoradiography indicated highest
concentrations of 753e in cytoplasm and these results correspond to those
observed in mammals (Schultz 33 al., 1980).
SELENIUM DISTRIBUTION IN AQUATIC ECOSYSTEMS
Waterborne selenium has a half-life in fresh water of 25—50 days and this
time may be a function of particulate density and proximity to sediments.
Selenium is precipitated to the sediments but, in enclosure experiments not in
contact with sediments, the selenium remains in the water column (Rudd et al.,
1980). While contact with sediments appears to be necessary for precipita-
tion, sediment type does not seem to influence disappearance rates from the
water column. Several investigators have suggested that selenium may be
bioaccumulated up food chains (Rudd gt al., 1980; Sandholm gt al., 1973;
Cumbie, 1978). Microbial transformations of selenium, particularly
methylation to volatile compounds (Chau et al., 1976) or reduction to
elemental selenium (Silverberg, 33 al., I973), may change the availability and
toxicity of waterborne and sedimentary selenium to aquatic biota as well as
the form stored in their tissues.
Loadings to the Great Lakes have been estimated for Lakes Huron and
Superior (Table 1), but these estimates are very unreliable due to errors in
measurement of both flows and low selenium concentrations. Also, potentially
important sources, such as atmospheric input, have not been measured.
Copeland (1970) demonstrated that areas of Lake Michigan downwind of Chicago
were contaminated with selenium and suggested that the source was the
combustion of fossil fuels.
Waterborne selenium concentrations are generally very low ranging from
0.001 to 5.0 ug/L (Table 2). This wide range probably reflects variation in
analytical capability rather than real concentrations. Rain water samples
contain much higher selenium concentrations than lake water and their
concentrations reflect proximity to urban and industrial development (Traversy
§t_al., 1975). These data indicate that atmospheric loading of selenium to
the Great Lakes could be significant.
Sediments contain about 0.1-1.0 ug/g
dry weight and the concentrations are slightly higher in the lower lakes
relative to Lake Superior.
Net plankton selenium concentrations vary both within and between lakes
with no obvious trends that could be related to contamination (Table 3).
Zooplankton, however, showed higher concentrations in Georgian Bay compared
with Lakes Ontario and Erie (Table 4), perhaps due to the influence of the
French River.
Copeland (1970) speculated that elevated selenium levels
(1-7 ug/g dry weight)
in Lake Michigan zooplankton downwind from Chicago
were due to fossil fuel combustion.
 TABLE 1
SELENIUM LOADINGS TO LAKE HURON AND LAKE SUPERIOR (kg/day)
(ULRG 1977, VOLS IIA, IIIA)
LAKE HURON LAKE SUPERIOR
Municipa] Discharges <0.001 0.013
Industrial Discharges 2.09 N.M.l
Tributary inputs 145 184
Atmospheric N.M. N.M.
Shore1ine erosion — * N.M.
Dredge spoi] disposa1 N.M. N.M.
1 Not measured
* A11 samp1es less than detection 11mit of 1 mg/kg
 I
O
 
TABLE 2
SELENIUM CONCENTRATION
S IN GREAT LAKES WATER
S AND SEDIMENTS
SUPERIOR MICHIGAN HURON — GEORGIAN BAY — NORTH CHANNEL ST. CLAIR ERIE ONTARIO REFERENCE
Rain
wate
r
or snow <0.1‘0.2 0.1-0.4 0.5 0.2—0.8 .10-0.75 Traversy g: 31,, 1975
{mg
/L)
Water <0.1*-0.2
(
<1.0* <1.0* <1.0* 1-5 ULRG 1977 V01 IIA, Adams
filt
ered
11-36 a
nd Johnson, 1977
unfiltered
<O.; <0.1 <0.1 <0.1 <0.1 Traversy ﬁg 31., 1975
<0.2 Harry, 1978
Sediments— <O.5* 0.16,0.56 CopeIand, 1970
Lake and 0.63
Harbours 0.90 0.79 1.00 Traversy g: 21., 1975
(mg/kg dry wt)
*detection Iimit
 THE SELENIUM CONTENT OF NET PLANKTON (>153u In 5126)
TABLE 3
SAMPLED FROM THE GREAT LAKES IN 1930*
NO. OF MEAN STANDARD
LAKE SITE SAMPLES CONCENTRATION DEVIATION RANGE
(mg/g dry—wt)
Ontario Main Duck Is. 5 2.52 0.08 2.4 - 2.6
Cobourg 5 2.74 0.09 2.6 — 2.8
Port Credit 5 2.04 0.09 2.0 - 2.2
Port Dthousie 5 3.34 0.06 3.3 - 3.4
Erie Long Pt. Bay 5 2.26 0.06 2.2 — 2.3
Erieau 5 2.44 0.06 2.4 2.5
Wheatiey 5 2.84 0.06 2.8 - 2.9
Pigeon Bay 5 1.90 0.00 1.9
Amherstberg 5 0.93 0.02 0.90- 0.95
Huron Goderich 2 1.70 0.00 1.7
S. Baymouth 5 0.80 0.03 0.76- 0.84
Cape Rich 2 2.10 0.00 2.1
Burnt Is. 3 1.43 0.06 1.4 - 1.5
French R. 2 1.60 0.00 1.6
*D. M. Whittie, Unpuinshed surveiIIance data, Great Lakes BioIimnoIogy
Laboratory, Department of Fisheries and Oceans, Canada Centre for InIand
Waters.
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 THE SELENIUM CONTENT OF ZOOPLANKTON SAMPLED FROM
TABLE 4
THE GREAT LAKES IN 1980* AND 1973**
NO. OF MEAN STANDARD
LAKE SITE SAMPLES CONCENTRATION DEVIATION RANGE
(119/9 dry-wt)
stis reTicta - 1980
Ontario Main Duck Is. 1 2.3 - 2.3
Cobourg 3 2.77 0.15 2.6 2.9
Port Credit 5 2.42 0.05 2.4 2.5
Port DaThousie 4 1.88 0.32 1.6 2.2
Huron Goderich 5 3.82 0.05 3.8 3.9
S. Baymouth 8 2.83 0.67 2.3 3.7
Burnt Is. 5 3.24 0.09 3.1 3.3
French R. 4 4.70 0.08 4.6 4.8
PontogoreTa spp. - 1980
Ontario Main Duck Is. 5 2.14 0.06 2.1 2.2
Huron S. Baymouth 5 3.88 0.88 3.8 4.0
" oogTankton" (>500u) - 1973
Erie Western Basin 5 2.38 0.24 -
*D. M. WhittTe, UnpubTished surveiTTance data, Great Lakes BioTimnoTogy
Laboratory, Department of Fisheries and Oceans, Canada Centre for InTand
Waters.
**Adams and Johnson, 1977.
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 Variations in selenium concentrations between fish species are quite high
(Table 5) but variations within species are quite small, with standard
deviations generally less than 13% of the mean of any sample (Adams and
Johnson, 1977). Table 5 shows that selenium concentrations within any fish
species decrease from Georgian Bay/North Channel to Lake Erie to Lake
Ontario. Although sample sizes are small in some cases, variation between
years and between authors is remarkably low. Therefore, the trend towards
higher selenium concentrations in biota from Georgian Bay relative to other
lakes is probably real and may reflect the influence of mining and smelting
activities in the French River drainage basin (Warry, 1978). The utility of
fish as indicators of selenium contamination is supported since field work on
Belews Lake (Cumbie, 1978; Cumbie and Van Horn, 1978), and on selenium
contaminated Western U.S. Lakes (Kaiser et al., 1979), has shown that native
centrarchids and salmonids contain elevated concentrations relative to fish in
low selenium areas.
A relationship between selenium levels and fish size has not been
conclusively demonstrated. Adams and Johnson (1977) found a relationship
between selenium concentration and weight in yellow perch, the only species
with sufficient sample numbers for a comparison. Whittle (personal
communication) , however, could not find any relationship between selenium
and length using the large sample sizes of smelt, walleye, rainbow, trout,
lake trout, splake or coho reported in Table 5. An examination of Adam's
thesis (Adams, 1976) indicates that the weight relationship was based on two
distinct pools of fish of different weights. Within each pool there was no
weight effect.
The selenium content of gull tissues sampled from Great Lakes colonies
shows a considerable geographic variability (Table 6). Local contamination is
a po
ssib
le c
ause
of t
hese
high
leve
ls b
ut t
he a
ccum
ulat
ion
of s
elen
ium
from
sources other than the Great Lakes during migrations cannot be discounted.
The observed range of concentrations encompasses those seen in other biota and
their significance to the health of gulls is unknown.
HUMAN HEALTH
Selenium effects on human health are reviewed in a number of places
including "Drinking Water and Health," (U.S. NRC, 1977).
Water soluble selenium has been recognized in soils and salt deposits
since 1938 and concentrations in groundwater vary greatly with the proximity
to excesses in rock and soil. In some springs and shallow wells,
concentrations may exceed 100 ug/L, but deep wells contain only a few
micrograms/litre. Lake water concentrations may be high in areas where soil
selenium concentrations are high, but the lake water concentrations vary
widely (Abu-Erreish, 1967, cited in the publication mentioned above).
Considerable selenium may be derived from sewage effluent; raw sewage, primary
and secondary effluent may contain as much as 280, 45 and 5 mg/L, respectively.
There is little in the literature to suggest that most surface waters
contain toxic amounts of selenium; in fact there may be an insufficient
2Mr. M. Whittle, Great Lakes Biolimnology Laboratory, Burlington, Ontario.
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 TABLE 5
THE SELENIUM CONTENT OF FISH FROM THE GREAT LAKES
YEAR ' mu no. or
SPE
CIE
S
LAK
E
SAM
PLE
D
CON
CEN
TRA
TIO
N
SAM
PLE
S
RAN
GE
AUT
HOR
(mg/g wet wt.)
Cat
fis
h (
7)
Ont
ari
o
197
3
0.1
0
2
0.0
6 -
0.1
4
1
Erie
1973
0.15
3
0.12
- 0.
17
1
Haiieye
(Sti
zost
edio
n v
itre
um)
Ont
ari
o
1973
0.25
2
0.14
- 0.
35
1
Erie
1973
0.31
12
0.24
- 0.
36
1
Erie
-Hes
tern
-197
3/
1974
0.52
7
SD =
0.52
3
1980 0.37 30 0.27 - 0.54 2
Nort
h Ch
anne
i
1973
0.56
1
-
1
Geo
rgi
an
Bay
1973
0.6
0
6
0.42
- 0.
79
1
1980 0.77 12 0.60 0.88 2
Smel
t
.
(Osm
erus
mord
ax)
Ont
ari
o
1973
0.3
2
3
0.26
- 0.
38
1
198
0
0.3
3
68*
0.2
6 -
0.7
9
2
Erie
1973
0.3
4
8
0.15
- 0.
45
1
1980 0.31 35* 0.23 - 0.37 2
Geor
gian
Bay-
Sout
h
1979
0.64
12*
0.59
- 0.
73
2
Geo
rgi
an
Bay
—No
rth
198
0
0.7
7
12*
0.6
0 -
0.8
8
2
Yeiiowperch
(Per
ca
fiav
esca
ns)
Ont
ari
o
1973
0.3
4
6
0.26
- 0.
38
1
Eri
e—W
est
ern
197
3/7
4
0.7
4
79
50
x 0
.05
3
N. C
hann
el
1973
0.63
3
0.59
- 0.
67
1
Geo
rgi
an
Bay
197
3
0.9
4
2
0.7
7 -
1.1
1
1
Lak
e H
uron
1974
0.6
0
7
SD =
0.0
4
3
?hi
tef
ish
)
1
Cor
ego
nus
5
Ont
ari
o
1973
0.2
2
1
-
'22
N.
Cha
nne
i
197
3
1.5
5
3
0.8
7 -
2.0
0
1
Geor
gian
Bay
1973
1.00
3
0.89
- 1.
07
1
5heepshead
ﬁgio
dino
tus
grun
nien
s)
Onta
rio
1973
0.26
3
0.19
- 0.
35
1
Erie
1973
0.45
4
0.36
- 0.
50
1
Erie
—Wes
tern
1973
/74
1.51
13
S0 =
0.19
3
83k Bass )
bTOQ
Tite
s ru
gest
ris
Onta
rio
1973
0.38
4
0.35
0.40
1
Erie
1973
0.25
2
0.10
0.39
1
Pike
(Eso
x 1
uciu
s)
Ont
ari
o
1973
0.3
0
3
0.23
- 0
.39
1
Geo
rgi
an
Bay
1973
0.78
2
0.51
— 1
.04
1
Coho Salmon
(Onc
orhz
nchu
s ki
sutc
h)
Onta
rio
1980
0.43
25
0.32
0.51
2
Erie
1973
0.44
2
0.42
0.46
1
1980 0.50 23 0.32 - 0.80 2
garp
cxgr
inus
carg
io)
Onta
rio
1973
0.34
4
0.17
- 0.
52
1
Erie
-Wes
tern
1973
/74
0.82
6
SD =
0.13
3
Lake Trout
(Sai
veii
nus
nama
xcus
h)
Onta
rio
1980
0.44
176
0.33
- 0.
66
2
Rainbow Trout
(Sai
mo g
aird
neri
i
Onta
rio
1980
0.57
15
0.43
- 0.7
1
2
Erie
1980
0.65
10
0.41
- 0.
96
2
Chub
l?)
Onta
rio
1973
0.52
1
‘
1
N. C
hann
e1
1973
0.59
1
-
1
Geor
gian
Bay
1973
0.73
2
0.62
— 0.
85
1
Spia
ke (
**)
Geor
gian
Bay—
Sout
h
1973
0.70
47
0.42
~ 1.
20
2
I. Bea], 1974.
2 0. M. Whittie, Unpub‘lished surveiiiance data, Great Lakes Bioiimnoiogy
Lab
ora
tor
y,
Dep
art
men
t
of
Fis
her
ies
and
Oce
ans
,
Can
ada
Cen
tre
for
Iniand Waters.
2. Adams and Johnson, 1977.
* Five fish composites.
** (SaTveiinus fontinaiis x ggiveiinus namaycush
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TABLE 6
THE 1977 SELENIUM CONTENT IN ug/g WET WEIGHT OF
HERRING GULL TISSUE IN THE GREAT LAKES*
 
NO. OF MEAN STANDARD
LAKE SITE TISSUE SAMPLES VALUE DEVIATION
1
Erie Middle IsTand Egg 2 1.0 —
Port CoTbourne Egg 2 1.3 —
Huron Chantry IsTand Egg 2 <0.4 -
DoubTe IsTand Egg 2 <0.4 -
Michigan Littie Sister Is. Egg 2 1.3 —
Hat IsTand Egg 2 0.5 —
Superior Mamainse IsTand Egg 2 .0 -
Gra
nit
e I
sTa
nd
Egg
2
<0.
4
-
Ontario Muggs IsTand Egg 8 0.56 0.15
Snake IsTand Egg 9 0.72 0.14
Kin
gst
on
Adu
Tt
Tive
r
17
0.3
11
0.1
14
AduTt feather 17 2.60 1.22
*Source: 0. J. HaTTett pers. comm., Canadian WdeTife Service.
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quantity of selenium in the water alone to provide the nutrient requirements
of most animals (Cannon, cited in the publication above). Water consumed by
human populations rarely constitutes a human health hazard, although finished
water for domestic consumption usually is not analyzed for selenium. However,
in a well-known case of an Indian reservation using well water containing high
concentrations of selenate, there was a loss of hair and nails in children.
In other areas with contaminated well water, it was found that the most
frequent symptoms of human toxicity were gastrointestinal disturbances, bad
teeth, yellowing of the skin in older persons, and sallow skin in younger
persons.
The usual exposure route in man is via toxic vapors in industrial
situations and selenium fumes can produce an acute respiratory distress
syndrome. Chronic exposure via inhalation or ingestion may produce
depression, nervousness, occasional dermatitis, gastrointestinal disturbance,
giddiness, an increased incidence of dental caries and a peculiar garlic odor
of the breath and sweat, due to the formation of dimethyl selenide. The
principal route of excretion of selenium is via the urine. Little is known
about the biochemistry of selenium in the mammalian system.
Carcinogenicity of selenium is controversial; liver tumors can be induced
in chronically treated animals, although a review of the research shows that
these may not, in fact, be ne0plasms at all. There is no evidence of
mutagenicity. Teratogenicity in humans is not an issue, but in chicks
profound malformative alterations are produced at even low concentrations.
There are important interactions of selenium with arsenic, mercury, cadmium,
silver and thallium. For instance, mercury increases the retention of
selenium in the blood, kidneys, and spleen while selenium protects against the
toxicity of mercury. In tuna, hatches that had little selenium contained low
concentrations of mercury, and when the concentrations of mercury were high,
selenium concentrations were also high.
The current drinking water standard for selenium is 10 pg/L as total
selenium (U.S. Public Health Service, 1962; Canadian Dept. of National Health
and Welfare, 1979, OME, 1980).
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 EXISTING OBJECTIVE
For the protection of aquatic organisms and fish-consuming birds and
animals, mirex and its degradation products should be substantially absent
from water and aquatic organisms. Substantially absent here means less than
detection levels as determined by the best scientific methodology available.
Note: The best detection levels for mirex (1977), as determined by a survey
of laboratories in the Great Lakes region, are 0.005 ug/L for water and
0.005 ug/g for biological tissues.
RATIONALE REVIEW
The original objective and rationale (IJC, 1977) was based upon lethal
effects to crayfish (Procambarus ho i) at mirex levels of approximately
0.1 ug/L and upon increased morta 1ty to grass shrimps (Palaemonetes
vulgaris) through predation by pinfish (Lagodon rhomboides) at 0.025 ug/L
for 13 days. These effects were considered too severe to be considered subtle
and hence to be the basis of an objective which would protect all aquatic life
in the Great Lakes basin. Therefore, the conservative approach was adopted of
recommending "zero" as the objective until such time as suitable, non—lethal
effect results were available.
Since 1977 several additional mirex derivatives other than photomirex
(8-monohydromirex) have been found in Lake Ontario herring gulls including
lO-monohydro, 9-monohydro, 2,8—dihydro and 1,5-dihydromirex. These products
are found in relatively lower concentrations than photomirex, (approximately
10%), which is the main degradation product found in Lake Ontario biota (IJC,
1978). It should be noted that the ratio of mirex to photomirex was constant
in Lake Ontario herring gulls from 1974 through 1978 (Norstrom et_al,, 1980).
It is encouraging that the concentration of mirex/photomirex has decreased at
a constant rate since 1974, halving in concentration every 2.1 years through
1979 in Lake Ontario herring gulls (Weseloh et 31., 1979; Hallett £3 51.,
1980). Declining trends are also evident in Lake Ontario spottail shiners
(Suns et al., Personal Communication).1
A number of papers on mammalian toxicology of photomirex and mirex have
appeared since the Mirex Objective was last reviewed (IJC, 1977). Many of
these have come from the laboratories of the Canadian Department of National
Health and Welfare (Sundaram gt al., 1980; Chu et al., 1981; Villeneuve gt
al., 1979b). Toxicity to male and female rats has been examined at dietary
levels between 0.05 to 500 ug/g over 28-91 days. In general, weight gain
and food intake were reduced at 50 ug/g Or more in the diet at which level
photomirex was lethal to 20% of the specimens over 24 days; accumulation
occurred in many tissues including adipose, liver and brain; enzymatic levels
were affected (both induction and disfunction) at 5 ug/g. An independent
study (Wolfe et al., 1979) employing a 15 month feeding study at 1.8 ug/g
mirex in the diets of field mice found a decrease in litter size and numbers.
1Dr. K. Suns. Ontario Ministry of the Environment, Toronto, Ontario.
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 Mirex and photomirex were aiso examined for mutagenic and teratogenic
activity (Schoeny et al., 1979; HaiTett §t_al., 1978).
No such effects were
observed with five Saimoneiia strains. ViTTeneuve e3 31., 1979c, using
photomirex and rabbits, was unabie to find teratogenic effects other than a
sma11 reduction in fetal weight despite the abiTity of this compound to
transfer across the pTacenta and accumulate in the fetus.
Two recent papers report chronic, subiethai bioassays with fathead minnows
(Pimephaies promeias) (Buckier 3: a1., 1981) and daphnids (Daphnia magna)
amphipods (Gammarus pseudoiimnaeu57_and midge Tarvae (Chironomus Tumosus)
(Sanders gt al.,’1980). Fish reproduction was effected at 3-34 ug7E and
among the invertebrates tested, onTy the amphipod was adverseiy effected at
Tow concentrations (30% reduction in aduit survivai at 2.4 ug/L after 30
days exposure). This is not considered to be a subtie effect, however, and is
insufficient to justify a revision of the current objective.
 
A survey of severai Taboratories performing mirex anaTyses in the Great
Lakes basin did not indicate any genera] reduction in the current detection
Timits (0.005 ug/g tissue, 0.005 ug/L water). It is aiso apparent from
the above that mammaiian effects are observed at TeveTs much above those cited
in the rationaie for the objective. The conciusion remains that insufficient
chronic data exists to estabiish a safe Tevei for the protection of a1]
aquatic organisms. Therefore, it is recommended that no change be made to the
existing objective.
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 3. Future Considerations
The Committee believes the following list merits consideration for review
during 1981-1982.
AMMONIA
The existing objective for un-ionized ammonia does not consider the
modifying effects of water quality (e.g. pH, alkalinity, temperature, and
oxygen).
ASBESTOS
Continuing
AQUATIC ECOSYSTEM
An attempt was made to define the demographic condition of lake trout
stocks in Lake Superior during an early period of apparent steady-state
yield. This period occurred prior to the time of sea lamprey invasion and the
obvious effects of toxic inputs and cultural eutrophication. The data
examined to date has proved insufficient for the attainment of the primary
objective, although it has proven to be useful in other respects.
Further emphasis should be directed toward the formation of a task force:
(1) to investigate the feasibility of pursuing a lake trout objective; (2) to
consider other alternative ecosystem approaches; (3) to prepare a report with
the Great Lakes Fishery Commission summarizing a practical approach to the
problem.
BENZENE
This substance is an ubiquitous high volume carcinogenic substance in the
Great Lakes Ecosystem.
CHROMIUM
Continuing
COPPER
Continuing
DIAZINON
Continuing
DIBENZOFURANS
Pol
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ofu
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s h
ave
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n i
den
tif
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in
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nd
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g
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fro
m
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2,3
,7,
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odi
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s ex
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itie
s a
re u
nder
way
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nts
.
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 LINDANE
Continuing
MERCURY
Continuing
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Continuing
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 4. Present Needs
The Committee has identified the following as needing additional research
and believes that funding agencies should consider this list in establishing
their priorities.
In particular the committee wishes to emphasize the need for developing a
Great Lakes fish comnunity data base to enable formulation of an aquatic
ecosystem objective.
RESEARCH PRIORITY
Analysis of Appropriate Fish Community Data Bases
There is a need to identify one or more'fish community data bases for Lake
Superior which will provide as minimal requirements:
a) lake trout demographic characteristics prior to the advent of the sea
lamprey and major inputs of toxic substances plus cultural
eutrophication.
b) information for other species of Lake Superior which may follow
clos
ely
the
patt
ern
esta
blis
hed
by t
he l
ake
trou
t be
caus
e of
simi
lar
responses to the same set of stresses. AEOC will recommend to the
SAB that a Task Force be established to accomplish the above (also
see Chapter 3, this report, under Aquatic Ecosytem).
OTHER NEEDS
Sediments as a Source of Toxic Chemicals for Aquatic Biota
Wat
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bje
cti
ves
ind
ica
te
that
met
als
can
be
tra
nsf
err
ed
fro
m t
he
sed
ime
nts
to
aqu
ati
c
bio
ta
to
the
det
rim
ent
of
fis
h
or
con
sum
ers
of
fis
h.
Ther
e ar
e in
dica
tion
s th
at o
rgan
ic c
onta
mina
nts
may
simi
larl
y be
tran
sfer
red
but
pro
bab
ly
by
dif
fer
ent
mec
han
ism
s.
Res
ear
ch
is
req
uir
ed
to
def
ine
and
eval
uate
tran
sfer
mech
anis
ms
as w
ell
as c
ondi
tion
s co
ntro
llin
g ra
tes
and
rou
tes
and
in
par
tic
ula
r
thr
esh
old
sed
ime
nt
con
cen
tra
tio
ns
cau
sin
g
adv
ers
e
effects in aquatic biota.
Metal Speciation
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develop such sensitive practical techniques.
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e
co
mb
in
ed
ac
ti
vi
ty
of
me
ta
l
mi
xt
ur
es
,
bu
t
th
e
as
su
mp
ti
on
of
ad
di
ti
ve
to
xi
ci
ty
is
no
t
we
ll
su
pp
or
te
d.
Re
se
ar
ch
is
re
qu
ir
ed
to
de
ve
lo
p
a
so
un
d
th
eo
re
ti
ca
l
ba
si
s
fo
r
fu
tu
re
ob
je
ct
iv
es
to
co
nt
ro
l
mi
xt
ur
es
.
'
26
 5. Mixtures
EVALUATING THE ENVIRONMENTAL SIGNIFICANCE OF AQUEOUS MIXTURES OF METALS
Mixtures of contaminants have always been regarded with concern due to
the possibility of adverse synergistic effects on aquatic biota. The
following review of studies of the toxicity of metal mixtures to aquatic biota
shows that "antagonism," "synergism" and "no interactions" have been observed
in studies of both acute and chronic toxicity of metal mixtures. Ideally,
there should be a mechanism for predicting the toxicity of observed mixtures
of contaminants. However, this requires an understanding of the mechanisms of
contaminant toxicity to identify those contaminants that will interact and the
way in which they interact. It is unlikely that information adequate to
define these mechanisms for assessing mixtures will be provided withinthe
foreseeable future. Therefore, the review outlines a more pragmatic approach
to assessing potential mixtures effects. While it is scientifically
indefensible, its application to surveillance data analysis may provide an
early indication of areas that are potentially harmful and to which special
attention should be paid in a search for impacts and sources. AEOC recommends
that this approach be considered in future assessment of water quality data
already being collected, and has forwarded this approach to the Surveillance
Work Group of the Water Quality Board in the hope that it might serve some
utility in an examination of areas of concern.
MECHANISM TO ASSESS THE ENVIRONMENTAL SIGNIFICANCE OF METAL MIXTURES
The following review was written to develop a mechanism to estimate the
potential adverse effects on aquatic biota of mixtures of contaminants. The
mixtures considered were limited to the metals, due to the availability of
data on sublethal effects of mixtures, and to avoid excessive complexity. As
the mechanism for dealing with mixtures is developed, more contaminants may be
included.
There are two basic approaches to estimating mixture effects:
1.
Proc
edur
al,
base
d on
expe
rime
ntal
meas
urem
ent
of e
ffec
ts o
f re
al o
r
defined mixtures.
2. Calculated, that utilize existing toxicological data on contaminants
tested singly.
The latter approach was chosen because it is simpler and uses the large
volume of existing toxicological data.
RECOMMENDATION
It is proposed that the following mechanism be considered for estimating
the potential toxicity of mixtures of metals in Great Lakes waters:
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 The
sum
of
the
rat
ios
of
eac
h m
eta
l c
onc
ent
rat
ion
(Mi)
and
its
res
pec
tiv
e
obj
ect
ive
con
cen
tra
tio
n (
Oi)
sho
uld
not
exc
eed
1.0,
i.e.
Mi
2 [ ——-] §_ 1.0
Ci
RATIONALE
Envi
ronm
enta
l p
ollu
tion
usua
lly
resu
lts
in t
he p
rese
nce
of s
ever
al m
etal
s
simu
ltan
eous
ly
(Fin
dlay
son
and
Achu
ckia
n,
1979
; Hu
tchi
nson
and
Stok
es,
1975
;
Sprague and Ramsey, 1965). Water Quality Agreement objectives, however, are
base
d on
stud
ies
with
indi
vidu
al m
etal
s a
nd d
o no
t pr
otec
t aq
uati
c o
rgan
isms
from the combined effects of mixtures.
Most
of t
he a
vail
able
lite
ratu
re o
n me
tal
mixt
ures
sugg
ests
that
the
toxicity of a mixture to aquatic biota is greater than that of any of the
meta
ls t
este
d si
ngly
(see
Kone
mann
(198
0) f
or a
clas
sifi
cati
on o
f th
e ty
pes
of
joint toxic action) (Table 1). Joint toxicity to algae has been observed with
both binary mixtures (Braek gt al., 1976; Hutchinson and Stokes, 1975) and
mixtures of ten metals (Wong, et al., 1978), to ciliates with both binary and
tri-
meta
l m
ixtu
res
(Gra
y,
1974
; Pa
rker
, 1
979)
, an
d to
inve
rteb
rate
s in
both
lethal (Barnes and Stanbury, 1948; Russell-Hunter, 1949) and sublethal
experiments (Borgman, 1980; D'Agostino and Finney, 1974). Joint toxicity to
fish of mixtures was demonstrated in studies of acute toxicity (Eisler and
Gardner, 1973), of subacute toxicity to eggs, alevins, and fry (Finlayson and
Achuckian, 1979; Huckabee and Griffith, 1974), and of chronic toxicity during
the reproductive stage (Spehar et 11., 1978). A less common phenomenon in
some mixtures, with some species, is a reduction in toxicity of one metal by
the presence of another. For example, copper toxicity was reduced by zinc
with one of four algal species tested (Braek et_gl., 1976), and cadmium
toxicity to algae and mercury toxicity to goldfish Carassius auratus were
reduced by selenium (Heisinger et_al., 1979; Hutchinson and Stokes, 1975).
Several models have been used to predict the toxicity of mixtures. One
technique is to add together the percent reduction in growth caused by each
constituent in single toxicant tests (Gray, 1974; Parker, 1979). This
technique will work only if toXicity is relatively low. Another procedure
involves summing the toxicant-induced mortality rates or the toxicant-induced
increases, in the inverse of the growth rates observed during single toxicant
exposures (Borgman, 1980). Some authors have multiplied survival (as a
fraction) with one toxicant by survival with the second to estimate survival
in the mixture (e.g. response) (Anderson and Weber, 1975). Also, toxicity of
mixtures can be predicted from log probit plots if the slopes of these plots
for individual toxicants are similar (e.g. concentration addition) (Anderson
and Weber, 1975). All such models however, require complete concentration-
response curves for each toxicant singly in order to predict toxicity at
various concentrations of the mixtures. Furthermore, these concentration-
response curves will differ between species and between toxicants. The use of
such models in water quality evaluation would require excessively complicated
mathematical fonnulas which would vary from one organism to another. A much
Simpler approach is required to estimate effects of metal mixtures.
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The toxic unit concept, used initially for lethal studies with fish and
reviewed by Sprague (1970), provides a useful basis for assessing mixtures.
The concentration of a metal may be measured in toxic units, where one toxic
unit is the concentration eliciting a defined response (e.g. 50% mortality).
In mixtures, the defined response would be expected whenever the total
concentration of all metals, each measured in toxic units, was equal to 1.0.
Deviations of the observed response from the expected, using the toxic unit
concept, have been called synergism or antagonism but the definitions of these
terms depend on the type of model used by each author. Therefore, the toxic
unit concept should not be used indiscriminantly in attempts to measure
synergism or antagonism (Borgman, 1980).
The toxic unit concept overestimates somewhat (up to 10%) the lethal
toxicity of cadmium—zinc mixtures to shrimp Paratya tasmaniensis (Thorp and
Lake, 1974) but underestimates (up to 35%) the lethality of copper-mercury
mixtures to brine shrimp and copepods (Corner and Sparrow, 1956). However,
most lethal studies with fish indicate that the concept works fairly well
(Brown and Dalton, 1970; Eaton, 1973; Sprague and Ramsey, 1965). Sprague
(1970) expressed concern that toxic units might not predict lethality when
concentrations of each component were <0.2 toxic units (i.e. there is a
thre
shol
d co
ncen
trat
ion
for
leth
al
effe
cts)
. H
owev
er,
he f
elt
that
toxi
c
units might be usefully applied to sublethal responses at these low
con
cen
tra
tio
ns,
alt
hou
gh
he
had
few
sub
let
hal
dat
a t
o i
nve
sti
gat
e t
his
possibility.
 
Some
rece
nt p
ubli
cati
ons
do,
howe
ver,
prov
ide
an i
ndic
atio
n of
its
util
ity
at
sub
let
hal
tox
ica
nt
con
cen
tra
tio
ns.
Gro
wth
rat
es
of
zoo
pla
nkt
on
in
mix
tur
es
of u
p t
o fiv
e me
tals
can
be p
redi
cted
reas
onab
ly w
ell
with
toxi
c un
its
(Bo
rgm
an,
1980
) a
s c
an
gro
wth
rat
es
of
cil
iat
es
if
the
gro
wth
rat
e d
ata
of
Par
ker
(19
79)
are
ana
lyz
ed
in
the
sam
e
way
as
the
dat
a
of
Bor
gma
n
(19
80)
.
Par
ker
did
not
use
the
tox
ic
uni
t
con
cep
t
to
ana
lyz
e
his
dat
a.
Spe
har
£3
21.
(19
78)
obs
erv
ed
tha
t
the
num
ber
of
emb
ryo
s
pro
duc
ed
per
fem
ale
fla
gfi
sh
Jor
dan
ell
a
flo
rid
ae
in
chr
oni
c
stu
die
s
on
cad
miu
m
and
zin
c m
ixt
ure
s
was
alw
ays
muc
h
les
s
in
any
of
the
mix
tur
es
com
par
ed
to
the
con
tro
l
and
sin
gle
—me
tal
exp
osu
res
,
alt
hou
gh
dat
a
var
iab
ili
ty
did
not
per
mit
dem
ons
tra
tio
ns
of
sta
tis
tic
all
y s
ign
ifi
can
t d
iff
ere
nce
s b
etw
een
the
var
iou
s t
rea
tme
nts
.
Eat
on
(19
73)
fel
t t
hat
mos
t o
f t
he
chr
oni
c t
oxi
cit
y t
o f
ath
ead
min
now
s P
ime
pha
les
pr
om
el
as
in
ca
dm
iu
m,
co
pp
er
,
and
zi
nc
mi
xt
ur
es
was
due
pr
im
ar
il
y
to
zin
c.
Ho
we
ve
r,
he
te
st
ed
on
ly
mi
xt
ur
es
co
nt
ai
ni
ng
all
th
re
e
me
ta
ls
and
co
mp
ar
ed
his
res
ult
s
to
dat
a
on
sin
gle
met
als
rep
ort
ed
by
thr
ee
dif
fer
ent
set
s o
f
aut
hor
s.
The
ref
ore
,
it
is
not
cle
ar
whe
the
r
the
se
two
fis
h
stu
die
s
do
or
do
not
sup
por
t
use
of
the
to
xi
c
un
it
co
nc
ep
t.
In
co
nt
ra
st
,
an
av
oi
da
nc
e
re
sp
on
se
by
At
la
nt
ic
sa
lm
on
Sa
lm
o
sa
la
r
to
mi
xt
ur
es
of
co
pp
er
and
zin
c
at
ve
ry
low
co
nc
en
tr
at
io
ns
doe
s
sug
ges
t
tha
t
the
tox
ic
uni
t
con
cep
t
can
be
app
lie
d
to
fis
h
(Sp
rag
ue,
et_
al.
,
1965).
 
Th
e
to
xi
c
un
it
co
nc
ep
t
ma
y
no
t
be
sc
ie
nt
if
ic
al
ly
va
li
d
in
th
at
ea
ch
me
ta
l
ma
y
ha
ve
a
un
iq
ue
to
xi
c
ac
ti
on
wh
ic
h
do
es
no
t
ne
ce
ss
ar
il
y
ad
d
to
th
e
ac
ti
on
of
th
e
ot
he
r
me
ta
ls
in
a
mi
xt
ur
e.
Ho
we
ve
r,
on
a
pr
ac
ti
ca
l
ba
si
s,
th
e
co
nc
ep
t
do
es
se
em
to
es
ti
ma
te
re
as
on
ab
ly
we
ll
th
e
ef
fe
ct
s
on
gr
ow
th
of
zo
op
la
nk
to
n
of
met
al
mix
tur
es
(Bo
rgm
an,
198
0),
i.e
.
the
ove
ral
l
out
com
e
can
be
pre
dic
ted
independently of specific toxic actions.
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 At
th
e
pr
es
en
t
ti
me
,
th
e
to
xi
c
un
it
co
nc
ep
t
ap
pe
ar
s
to
be
th
e
on
ly
co
nv
en
ie
nt
me
th
od
av
ai
la
bl
e
for
pr
ed
ic
ti
ng
th
e
ef
fe
ct
s
of
me
ta
ls
in
mi
xt
ur
es
.
Th
e
ov
er
al
l
sa
fe
co
nc
en
tr
at
io
n
fo
r
me
ta
ls
co
ul
d
be
li
mi
te
d
as
fo
ll
ow
s:
Mi
2 [ ---1 5_ 1.0
Ci
wh
er
e
Mi
is
th
e
ob
se
rv
ed
co
nc
en
tr
at
io
n
of
me
ta
l
"i"
and
Di
is
th
e
ob
je
ct
iv
e
fo
r
me
ta
l
"i"
,
if
pr
es
en
t
si
ng
ly
.
Wh
en
th
e
sum
is
gr
ea
te
r
th
an
one
,
it
is
exp
ect
ed
tha
t
sub
tle
adv
ers
e
eff
ect
s
on
bio
ta
wou
ld
occ
ur.
On
e
ex
am
pl
e
of
a
te
st
of
th
is
ap
pr
oa
ch
is
av
ai
la
bl
e.
Wo
ng
et
a1.
(19
78)
sh
ow
ed
th
at
a
mi
xt
ur
e
of
ten
me
ta
ls
(c
on
ce
nt
ra
ti
on
s
in
ug/
L:
As
=
50,
Cd
=
0.2
,
Cr
=
50,
Cu
=
5,
Fe
=
300
,
Pb
=
25,
Hg
=
0.2
,
Ni
=
25,
Se
=
10,
Zn
=
30)
at
the
con
cen
tra
tio
ns
set
as
obj
ect
ive
s
in
the
197
8
Gre
at
Lak
es
Wat
er
Qua
lit
y
Agr
eem
ent
red
uce
d
pri
mar
y p
rod
uct
ion
by
alg
ae
by
68%
fro
m
con
tro
l
lev
els
in
cul
tur
e m
edi
um
and
by
78%
in
Ham
ilt
on
Bay
wat
er.
Eve
n i
f e
ach
met
al
was
pre
sen
t
at
one
ten
th
the
con
cen
tra
tio
n
of
the
obj
ect
ive
,
the
reb
y
jus
t
mee
tin
g
the
mix
tur
e r
equ
ire
men
t p
rop
ose
d a
bov
e,
pri
mar
y p
rod
uct
ion
was
sti
ll
red
uce
d
by
40%
in
gro
wth
med
ium
and
21%
in
Ham
ilt
on
Bay
wat
er.
Mor
e r
ece
nt
res
ear
ch
to
ful
ly
eva
lua
te
thi
s p
hen
ome
non
has
dem
ons
tra
ted
tha
t m
ixt
ure
s c
ont
ain
ing
zin
c a
re
the
mos
t t
oxi
c
and
tha
t t
he
"sa
fe"
con
cen
tra
tio
n o
f z
inc
alo
ne
for
al
ga
e
is
les
s
th
an
th
e
Ag
re
em
en
t
ob
je
ct
iv
e
of
30
ug
/L
(Wo
ng,
198
0).
Alt
hou
gh
the
zin
c t
oxi
cit
y d
oes
not
exp
lai
n t
he
ent
ire
deg
ree
of
tox
ici
ty
in
mixt
ures
, i
t re
duce
s th
e ap
pare
nt s
yner
gism
some
what
and
indi
cate
s th
e ne
ed
for
sou
nd
cri
ter
ia
for
rea
lis
tic
sin
gle
met
als
and
mix
tur
es
obj
ect
ive
s.
Thes
e re
sult
s sh
ow t
hat
the
prop
osed
mixt
ures
appr
oach
may
not
nece
ssar
ily
describe the toxicity of metal mixtures, but will nevertheless provide a
better estimate than strict consideration of the single metal objectives.
This
appr
oach
will
also
not
pred
ict
effe
cts
of s
ome
spec
ific
meta
l m
ixtu
res
which may be extremely toxic to some species (e.g. the synergistic toxicity of
zinc
and
arse
nic
mixt
ures
to c
opep
ods)
(Bor
gman
, 1
980)
.
Howe
ver,
its
real
value is the perspective it provides on results of water quality monitoring.
For example, a hypothetical survey of metal concentrations near an urban area
in Lake Ontario might contain the information depicted in Table 1.
These data indicate that the sum of the potential contributions of each
metal to an adverse effect is just‘above the threshold level - further
increases in metal concentrations would warrant concern because of the
increasing probability of adverse effects. Furthermore, the majority of
metals contribute little to the sum but one, lead, contributes 36%.
Therefore, in the hypothetical case cited, efforts to prevent problems should
focus on identifying and limiting the source of lead. An obvious weakness is
that it is difficult to assess the relative importance of metals whose
objective is close to the detection limit (e.g. cadmium); concentrations
contributing up to 0.5 toxic units could remain undetected. Also, while some
metals are in relatively high concentrations (e.g. iron) their contribution to
toxic units is very small and could probably be ignored if less than 0.1 (i.e.
the "no-effect level" is assumed to be 0.1).
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 TABLE 1
HYPOTHETICAL
SURVEY
OF
METAL
CONCENTRATIONS
Observed Metal
Concentration
Water
Quality
in
Water
(Mi)
Objective
(0i)
Metal
(Hg/L)
(Mg/L)
Ml/Ol
Arsenic
<0.1
50
?
=
0
Cadmium
<0.1
0.2
? =
0
Copper
1
5
'
0.2
Chromium
1
50
0.02
Iron
15
300
0.05
Lead
2
5
0.4
Mercury
.05
0.2
0.25
Nickel
l
30
0.03
Selenium
0.1
10
0.01
Zinc 5 30 0.16
z
Ml/Ol
-
-
1-12
A recent paper by Konemann (1980) indicates that the opposite may be true
for organics. For mixtures of organic compounds whose acute toxicities can be
predicted by quantitative structure/activity relationships, the resultant
toxicity of the mixture can be successfully estimated by the toxic unit
approach. Since mixtures of 10-50 compounds were tested, Konemann (1980)
concluded that the idea of "no-effect levels", below which a component would
not contribute to mixture toxicity, did not apply to organic compounds.
In summary, although it is recognized that an overall mixtures approach
based on the toxic unit concept will not always be 100% accurate in predicting
safe levels of metals for aquatic organisms, it will provide at least some
basis for assessing the importance to aquatic biota of metal mixtures.
31
 REFERENCES
An
de
rs
on
,
P.
D.
,
an
d
L.
J.
We
be
r,
19
75
.
Th
e
to
xi
ci
ty
to
aq
ua
ti
c
po
pu
la
ti
on
s
of
mi
xt
ur
es
co
nt
ai
ni
ng
ce
rt
ai
n
he
av
y
me
ta
ls
.
Pr
oc
ee
di
ng
s
In
te
rn
.
Co
nf
.
on
He
av
y
Me
ta
ls
in
th
e
En
vi
ro
nm
en
t.
To
ro
nt
o,
On
ta
ri
o,
Vo
l.
2:
93
3-
95
3.
Ba
rn
es
,
H.
,
an
d
F.
A.
St
an
bu
ry
,
19
48
.
Th
e
to
xi
c
ac
ti
on
of
co
pp
er
an
d
me
rc
ur
y
sa
lt
s
bo
th
se
pa
ra
te
ly
an
d
wh
en
mi
xe
d
on
th
e
ha
rp
ac
ti
co
id
co
pe
po
d,
Ni
to
ce
ra
sp
in
ip
es
(b
oe
ck
).
J.
Ex
p.
Bi
ol
.
25
:
27
0-
27
5.
Bo
rg
ma
n,
U.
,
19
80
.
In
te
ra
ct
iv
e
ef
fe
ct
s
of
me
ta
ls
in
mi
xt
ur
es
on
bi
om
as
s
pr
od
uc
ti
on
ki
ne
ti
cs
of
fr
es
hw
at
er
co
pe
po
ds
.
Ca
n.
J.
Fi
sh
.
Aq
ua
t.
Sc
i.
37
:
1295—1302.
Br
ae
k,
G.
S.
,
A.
Je
ns
en
,
an
d
A.
Mo
hu
s,
19
76
.
He
av
y
me
ta
l
to
le
ra
nc
e
of
ma
ri
ne
ph
yt
op
la
nk
to
n.
II
I.
Co
mb
in
ed
Ef
fe
ct
s
of
Co
pp
er
an
d
Zi
nc
Io
ns
on
Cu
lt
ur
es
of
Fo
ur
Co
mm
on
Sp
ec
ie
s.
J.
Ex
p.
Ma
r.
Bi
ol
.
Ec
ol
.
25
:
37
-5
0.
Br
ow
n,
V.
M.
,
an
d
R.
A.
Da
lt
on
,
19
70
.
Th
e
ac
ut
e
le
th
al
to
xi
ci
ty
to
ra
in
bo
w
tr
ou
t
of
mi
xt
ur
es
of
co
pp
er
,
ph
en
ol
,
zi
nc
an
d
ni
ck
el
.
J.
Fi
sh
Bi
ol
.
2:
211-216.
Co
rn
er
,
E.
D.
S.
,
an
d
B.
w.
Sp
ar
ro
w,
19
56
.
Th
e
mo
de
s
of
ac
ti
on
of
to
xi
c
ag
en
ts
.
I.
Ob
se
rv
at
io
ns
on
th
e
po
is
on
in
g
of
ce
rt
ai
n
cr
us
ta
ce
an
s
by
co
pp
er
an
d
me
rc
ur
y.
J.
Ma
r.
Bi
ol
.
As
sn
.
(U
.K
.)
35
:
53
1-
54
8.
D'
Ag
os
ti
no
,
A.
,
an
d
C.
Fi
nn
ey
,
19
74
.
Th
e
ef
fe
ct
of
co
pp
er
an
d
ca
dm
iu
m
on
th
e
de
ve
lo
pm
en
t
of
Ti
gr
io
pu
s
ja
po
ni
cu
s
In
:
Po
ll
ut
io
n
an
d
Ph
ys
io
lo
gy
of
Ma
ri
ne
Or
ga
ni
sm
s.
F.
J.
Ve
rn
be
rg
an
d
v.
3.
Ve
rn
be
rg
,
ed
s.
Ac
ad
em
ic
Pr
es
s,
N.
Y.
,
pp. 445-463.
Ea
to
n,
J.
G.
,
19
73
.
Ch
ro
ni
c
to
xi
ci
ty
of
a
co
pp
er
,
ca
dm
iu
m
an
d
zi
nc
mi
xt
ur
e
to
th
e
fa
th
ea
d
mi
nn
ow
Pi
me
ph
al
es
pr
om
el
as
(r
af
in
es
qu
e)
.
Wa
te
r
Re
se
ar
ch
7:
1723-1736.
Ei
sl
er
,
R.
,
an
d
G.
R.
Ga
rd
ne
r,
19
73
.
Ac
ut
e
to
xi
co
lo
gy
to
an
es
tu
ar
in
e
te
le
os
t
of
mi
xt
ur
es
of
ca
dm
iu
m,
co
pp
er
an
d
zi
nc
sa
lt
s.
J.
Fi
sh
.
Bi
ol
.
5:
13
1-
14
2.
Fi
nl
ay
so
n,
B.
J.
,
an
d
S.
H.
Ac
hu
ck
ia
n,
19
79
.
Sa
fe
zi
nc
an
d
co
pp
er
le
ve
ls
fr
om
th
e
sp
ri
ng
cr
ee
k
dr
ai
na
ge
fo
r
st
ee
lh
ea
d
tr
ou
t
in
th
e
up
pe
r
Sa
cr
am
en
to
Ri
ve
r,
Ca
li
fo
rn
ia
.
Ca
li
f.
Fi
sh
and
Ga
me
65:
80
-9
9.
Gr
ay
,
J.
S.
,
19
74
.
Sy
ne
rg
is
ti
c
ef
fe
ct
s
of
th
re
e
he
av
y
me
ta
ls
on
gr
ow
th
ra
te
s
of
a
ma
ri
ne
ci
li
at
e
pr
ot
oz
oa
n
In
:
Po
ll
ut
io
n
an
d
Ph
ys
io
lo
gy
of
Ma
ri
ne
Or
ga
ni
sm
s.
F.
J.
Ve
rn
be
rg
an
d
M.
B.
Ve
rn
be
rg
,
ed
s.
Ac
ad
em
ic
Pr
es
s,
N.
Y.
pp
.
465-485.
He
is
in
ge
r,
J.F
.,
C.D
.
Ha
ns
en
,
and
J.H
.
Kim
,
197
9.
Ef
fe
ct
of
se
le
ni
um
di
ox
id
e
on
th
e
ac
cu
mu
la
ti
on
an
d
ac
ut
e
to
xi
ci
ty
of
me
rc
ur
ic
ch
lo
ri
de
in
go
ld
fi
sh
.
Arch. Env. Contam. Toxicol. 8: 279-283.
32
 Huckabee,
J.w.,
and
N.A.
Griffith,
1974.
Toxicity
of
mercury
and
selenium
to
the
eggs
of
carp
Cyprinus
carpio.
Trans.
Amer.
Fish.
Soc.
103:
822—825.
Hutchinson,
T.C.,
and
P.M.
Stokes,
1975.
Heavy
metal
toxicity
and
algal
bioassays
In:
Water
Quality
Parameters.
American
Society
for
Testing
and
Materials,
Special
Technical
Publication
573:
320-343.
Konemann,
H,
1980.
Structure-activity
relationships
and
additivity
in
fish
toxicities
of
environmental
pollutants.
Ecotox.
and
Env.
Safety
4:
415-421.
Parker,
J.B.,1979.
Toxic
effects
of
heavy
metals
upon
cultures
of
Uronema
marinum
(Ciliophora:
Uronematidae).
Mar.
Biol.
54:
17-24.
Russell-Hunter,
w.,
1949.
The
poisoning
of
Marinogammarus
marinus
by
cupric
sulphate
and
mercuric
chloride.
J.
Exp.
Biol.
26:
113-124.
Spehar,
R.L.,
E.N.
Leonard,
and
D.L.
DeFoe,
1978.
Chronic
effects
of
cadmium
and
zinc
mixtures
on
flagfish
Jordanella
floridae.
Trans
Am.
Fish.
Soc.
107: 354-360.
Sprague,
J.B.,
1970.
Measurement
of
pollutant
toxicity
to
fish.
11
Utilizing
and
applying
bioassay
results.
Water
Research
4:
3-32.
Sprague,
J.B.,
P.F.
Elson,
and
R.S.
Saunders,
1965.
Sublethal
copper-zinc
pollution
in
a
salmon
river
-
a field
and
laboratory
study.
Int.
J.
Air
Water Pollution 9: 531-543.
Sprague,
J.B.,
and
B.A.
Ramsey,
1965.
Lethal
levels
of
mixed
copper-zinc
solutions
for
juvenile
salmon.
J.
Fish
Res.
Board
Can.
22:
425-432.
Thorp, V.J., and P.S. Lake, 1974. Toxicity bioassays of cadmium on selected
freshwater invertebrates
and the interaction of cadmium and zinc on the
freshwater shrimp, Paratya tasmaniensis Reik.
Aust. J. Mar. Freshwater
Res. 25: 97-104.
Wong, P.T.S., Y.K Chau, and P.L. Luxon, 1978.
Toxicity of a mixture of
metals on freshwater algae.
J. Fish Res. Board Can. 35: 479-481.
Wong, P.T.S., 1980 Unpublished Data. Great Lakes Biolimnology Laboratory,
P.O. Box 5050, Burlington, Ontario.
33
   
6.
L
i
m
i
t
e
d
U
s
e
Z
o
n
e
s
(Mixing
Zones,
Problem
Areas
and/or
Areas
of
Concern)
As
stated
within
Annex
II
of
the
1978
Great
Lakes
Water
Quality
Agreement,
the
parties
shall,
in
consultation
with
the
jurisdictions,
take
measures
to
define
and
describe
a
mechanism
for
allocating
all
existing
and
future
limited
use
zones,
and
shall
prepare
an
Annual
Report
on
these
measures.
The
definition
of
a
limited
use
zone
indicates
only
that
they
are
those
areas
where
specific
objectives
listed
in
Annex
I do
not
apply.
Therefore,
the
description
or
delineation
of
limited
use
zones
is
essential
to
fulfill
the
intent
of
this
agreement.
The
importance
of
describing
a
limited
use
zone
was
observed
in
1974
by
the
Water
Quality
Board
when
it
stated
"Water
quality
objectives
describe,
in
part,
a minimum
quality
of
water
which
will
not
only
provide
for
but
protect
any
designated
use.
However,
establishment
of
water
objectives
alone
may
not
ensure
against
future
losses
of
the
beneficial
uses
which
the
parties
desire
to
secure
and
protect.
The
objectives
should
be
implemented
in
concert
with
limitations
on
the
extent
of
mixing
zones
or
zones
of
influence
and
localized
areas
as designated
by the
regulatory
agencies."
(Appendix 'A', 1974).
The
development
and
use
of water
quality
objectives
has
always
been
predicated on a method for assigning the location and size of mixing zones
to
minimize
the
adverse
effects
on
aquatic
ecosystems
of
the
dilution
of
pollutants from end—of-pipe concentrations
to ambient lake concentrations.
The
1974 Annual
Report
of the WQOS
of the
IJC outlined
a set
of minimum
requirements for water quality within mixing zones.
While these limited the
severity of adverse effects within mixing zones, they did not limit the extent
of adverse effects nor did they limit the total area and location of the
mixing zone.
Since that report, the need for a mechanism to limit mixing
zones (mixing zone objective) has been reiterated annually.
However, the few
attempts to produce such a document have not been successful, probably due to
a lack of definition of the advantages of a mixing zone objective and the lack
of a clear perception of the scope and structure of such an objective.
This
rationale will attempt to provide these definitions, identify activities that
are required to develop, support and implement a mixing zone objective, and
provide guidelines for those who are charged with writing the detailed
rationale.
Mixing zones are the physical expression of objectives and represent
within the zone a loss of beneficial use, and, at the edge of the zone, the
maximum limit of that loss. Without a description of a given mixing zone, the
uses it affects adversely and monitoring to ensure that the objectives are met
at its edge, there is no description, appreciation or understanding of the
extent or severity of losses of beneficial uses. The net result Will be _
inappropriate location of mixing zones, excessive density of miXing zones in a
given area of lake or in given lakes, and loss of the benefiCial uses the
parties desire to protect. Mere identification of "problem areas" fails to
describe the extent, severity, or significance of the problem and abdicates
reSponsibility for actively limiting its impact. A further, and more serious
aspect is that local environmental impact assessment on a piecemeal baSlS Will
"nickel and dime" a lake to death.
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 6)
The effects of mixtures must be recognized not only through varying
mixing zone sizes for each component,
but also through a means for
reducing the overall size of the mixing zone according to the
perceived severity of mixture interactions.
7)
A mechanism is required for summing the overall effects of each type
of impact on beneficial uses and for sunming the interactive effects
of different impacts. This is essential to provide a whole lake
"loading concept“ for mixing zones to ensure that "nickel and diming”
of beneficial uses does not occur.
8)
An overall philosophy of conservatism must form the basis for all
mixing zone assignments. It must be recognized that the lakes do not
represent a resource to be divided up and traded away, but rather as
a finite resource which is reduced in value by each effluent and
mixing zone, with a real loss in beneficial uses. The overall
philosophy must be to restrict, to the greatest degree possible, the
size and impact of existing and proposed mixing zones.
9) The mixing zone objective must include a mechanism for describing
completely the physical, chemical and biological characteristics of
existing and proposed effluents.
MECHANISM OF A MIXING ZONE
To date the committee notes that an acceptable mechanism for describing a
limited use zone has yet to appear. The committee also recognizes that
defining a limited use zone requires the use of physical principles in
hydraulics. Therefore in harmony with the preceeding discussions on the
rationale for a mechanism to limit mixing zones, a presentation on the
mechanics of establishing a mixing zone is offered.
Mixing zones exist for every discharge where an effluent and the receiving
waters mix. Even if the ambient waters are withdrawn and are discharged
unmodified, a mixing zone still exists and its size can be established by the
hydraulics. When waters are withdrawn and modified in any manner whatsoever,
then there will be an impact within the mixing zone and on the ecosystem. The
problem, therefore, is to establish the magnitude of the impact and the size
of the mixing zone. Four distinct types of discharges can be envisioned:
1. River discharge.
2. On-shore lake discharge.
3. Off-shore lake discharge (deep water).
4. Estuary discharge.
For purposes of this discussion, schematic sketches which show a
conc
eptu
al
impa
ct f
or c
ateg
orie
s 1,
2 an
d 3
only
will
be a
ddre
ssed
(fig
ures
1,
2 and 3). The size of the mixing zone is set by the quality of discharge and
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 the desired quality of ambient water. This difference, in terms of volume, is
the mixing zone. As a simplifying assumption, the decay factor which exists
for certain pollutants such as BOD-DO, temperature, and total residual
chlorine, have been neglected. This represents a conservative approach.
The river situation shown in figure 1 would apply within connecting
channels such as the Detroit and the Niagara River. It assumes laminar flow.
Equation (1) generally applies. However, when 02 is much larger than 01, the
equation can be simplified as shown in equation (2). Neglecting the decay
factor, the mixing zone is then a function of the dilution rate 02/01.
Under the situation shown in figure 2, a mixing zone is the envelope of a
number of plumes from the point of discharge. The shape, direction and
magnitude of the plumes are a function of physical constraints, dilution
rates, littoral current, weather, and time of year. The depth of the
discharge point, within the envelope, is generally small; and, therefore, the
surface area of the mixing zone is large. In this case equation (3) would
apply.
The situation outlined in figure (3) is much more complex because it
involves three dimensional flow. In this case there is usually a substantial
depth (greater than 10 feet). The mixing zone is generally an envelope of
plumes but must consider the entrainment of clean water through the vertical
rise. This is generally the result of the jetting action of the effluent.
The area on the surface generally approaches a circle while the volume
generates a cone. Again, such factors as littoral current, weather and time
of year, come into play. The primary difference between situation (3) and
situation (2) is that now there is a vertical component in addition to the
horizontal component.
The following additional assumptions are taken as given:
a. Conditions within a mixing zone shall not be injurious to human
health in the event of a temporary exposure.
b. Conditions within a mixing zone shall not be lethal to aquatic life
or wildlife which may enter the zone.
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TERMS OF REFERENCE
The
Aquatic
Ecosystem
Objectives
Committee
(AEOC)
of
the
Science
Advisory
Board will:
1.
Develop
aquatic
ecosystem
objectives.
Where
feasible,
these
should
be
in
the
form
of
use
effect
curves,
for
various
uses,
and
always
including
the
most
sensitive
use.
2.
Regularly
review
objectives
and
recommend
amendment
or
introduction,
based
upon
all
available
criteria.
3.
Establish
task
forces
to
develop
position
papers
on
which
to
base
the
development
of
new
or
altered
objectives.
4.
Set
general
guidelines
under
which
the
objectives
will
be
developed
'
and
define
some
minimum
levels
of
scientific
information
at
which
an
objective can be defined.
5.
Develop
an
approach
for
the
selection
and
ordering
of
parameters
to
be addressed.
6.
Identify
gaps
in
the
knowledge
needed
to
develop
objectives
and
recommend
the
research
required
to
fill
the
gaps.
MEMBERSHIP
AEOC
will
consist
of
eight
members:
two
aquatic
toxicologists,
three
water
quality
specialists
(one
each
from
the
provincial,
state,
and
one
of
the
federal
governments),
a limnologist,
an
aquatic
chemist,
and
a human
health
aspects expert.
SUBMISSION OF PROPOSED OBJECTIVES
"Since
the
Science
Advisory
Board
has
the
responsibility for
advising
on
scientific matters,
and since the Water Quality Board will deal with the
policy implications of proposed objectives on an ad hoc basis,
the
Commission plans to advise the Science Advisory Board to take the initiative
in the study of new or revised water quality objectives, in consultation with
the Water Quality Board as required, and to forward reports simultaneously to
the Commission and the Water Quality Board.
Thus, the study of objectives
will not be dependent on actions of the Water Quality Board, but there will be
an opportunity for the Board to advise the Commission on the practicability of
the objectives under consideration or on the need for additional study from
the Water Quality Board perspective."
(Excerpt from a letter dated May 13,
1980, from the International Joint Commission to the Secretary of the Water
Quality Board).
REVISED AND APPROVED BY THE
SCIENCE ADVISORY BOARD
SEPTEMBER 3, 1980.
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